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.2 
in some installations to permit: the lea.ving gases 
to be-emitted through a p!urality, of, propulsive 
jets rather -than ducting. £hem .ail .through!one 
jet. The invention includes the provision, 0f::,a 
,5 power plant, .as briefly stated above, combined 
with , an aircïaft, tace!!e so constituted, as to 
clude the plant and the air ducting p.er.tainingto 
the plant as a Whole, .the nacelle having a:(for- 
wardly facing .air intake opening,:and a-rear- 
10 wardly facing opening for .the emission of.=the 
energizedpropulsive gases or .the passage, or duct 
' th.rough,which such emission takes, place. The 
invention ïurher includes certain .-featur.es:0f 
arrangement which will be more apparent from 
1 . the -fol]owing-description. 
The accompanyg drawings.illustrate .sche- 
matically,  layouts of power.plant according:£o 
the invention. 
-Figure 1 il]ustrates a form in  which four:me- 
'20 chanically independent power units mutuglly 
drive a gas turbine, the shaft-power output, of 
which drives a compressor which supercharges all 
four units. 
-Figure 2.is a sectional view on the line: 2;of 
2  Figure 1. 
Figure. 3 fllustrates an alternative scheme.:in 
which the. four units are .mechanically..inter- 
geared; and 
 Figure. 4 illustrates a fur.ther schëme in. w.hich 
n0t on!y are the .four units supercharged,.but 
30' there is a!so a ducted fan which precompresses 
the' air intake of the supercharger and. also 
ergizes a-propulsive air blast. 
- Figure 5 is a .sectional view on line -- .of/Fig- 
are 4. 
For the purposes of description it is assumed 
that each power- unit comprises, as in .my U. 
Patent 2,404,334, a double-sided centrifugal com- 
pressor , with front and rear air entry, indicated 
40 generatly .at 2 and , a combustion.system:. 
' through which the whole.air ,output of the com- 
pressor-  is ,passed and heated-by the burning,öf 
fuel therein, a.gas turbine at  which is dirëctly 
coupled so that its shaft power drives the com- 
pressor  is passed and heated by the burning'0f 
45 haust duct  through which the whole 0L:the 
leaving gases from the turbine is ejected. 
unit is assumed fo have its own auxfliaries; such 
as off pumps, fuel. pumps, starter motor, arid so 
50 on. 
leferring to Figure 1, the power plant com- 
prises four power units each as.briefly descibed 
above, arranged with their rotor axes parallel .t0 
the main ïore-and-aÏt axis of the plantwhich 
.55 is also the axis of a final gas turbine shown" t 

1 
This invention rela-ts fo .power plants. Pri- 
marfly, but hot exclusive]y,- the invention is con- 
cerned with a .power plant for aircraft, and is 
inte.ïded, to be used to prodde a- plant- which will 
/pr0duce a flow of- energized gas for the propul- 
..sion of aircraft_by jct reaction, and/or, for- the 
driving of a gaS turbine delivering useful, shaft 
power (which may ags:in be t:.sed through com- 
pressor or screw means for propulsion purposes), 
or for other.purposes. 
.As a propulsion plant for aircraft theinvention 
ofers advantages.off comparative lightness, com- 
pactness, and simplicity for agivenoutput. A 
main object of the invention is to provide for a 
large power output fro'af one plant by the use 
therein Of a. pluraliy of individual power .units, 
with a view fo avoiding the adverse factors in- 
vo!ved ia the merescaling up.of the size of any 
one power unit, whereby weight may be mini- 
mized and standardized power units may beused 
which can be economically buflt and developed 
umo 
by reason of comparatively small ' Size. A 
further object is to provide a power plant, the 
arrangement, of which lends itselÏ favorably to 
:¢arious working arrangements or "cycles of op- 
eration" for examp!e that which is described in 
U. S. Patent Nö. 2,168726. The present inven- 
tion is also adaptable to be designed for'propul- 
sion partly by airscrew or ducted airscrewor pro- 
peller. Seconday gdvartages also arise; for ex- 
amplethe failure of one power unit may notput 
the pwer plant, out of action, or disproPortion- 
ately 'dfl*ninish içs utility. 'The plant may be' so 
cdntrived that externally transmitted gyroscopic 
forces may largely be suppressed. Fuel  supply 
and contr01 systems may be simPlifled and. pro- 
vided.at : lower cost in_.weight and working 
parts. 
Trie basis of the invention is the: provisienof 
a power plant embodying a pluraliy of individual 
power.units through which air passes each power 
.mit. constituting a self-containèd .gas turbine 
unit comprising a compressor Supplying air by 
way of heating means toa turbine whichin.turn 
drives the compressor. 'These. power units are 
supplied with ah" .in commonÏrom a single rotary 
compressor about whose.xis they are arranged 
r 
ïn circular symme y. 
It is, ai presen preferred that the whole useÏul 
power output of the plant is inthe Ïorm Of a pro- 
pul'sive .jet; this, however, does hot exclude the 
possibflity of useful power, output being talen oint 
as shaft power to drive,. fr._ example, a cpnen- 
£ional .airscrew operating2i ,thWopen,.or as shaÏt 
power .for. oher purPoses. :I maF be preferable 
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having moving blades lA, nozzle blading lB and 
shaft 9, and shown by way of example as a single- 
row axial fiow turbine. Each power unit  bas 
its exhaust duct 6 so ïormed that it terminates 
in a segmental or part-annular shape at 
(Figure 2) corresponding approximately to a 
quarter oï the nozzle ring which it ïeeds. Thus 
the four units runing together, af[ord a continu- 
ous entry type of admission to the turbine 7. The 
gases leaving the turbine 7 are confined in the 
final exhaust duct 8 which opens to atmosphere 
as a propulsion jet. 
The turbine 7 and a compressor 0 driven 
thereby together constitute an energy-converter 
which receives energy ïrom the gases fiowing 
through the exhaust duct 6, converts this into 
mechanical energy, rotating the shaït 9, and 
then reconverts this into energy imparted to the 
air coming in by the intake at J2. For this pur- 
pose the shaft 9 suitably borne on the main axis, 
extends ïorwardly to the ïront part oï the plant, 
and at its ïorward end carries the impeller of 
the compressor J} which, as illustrated, by way 
of example, is a single-row axial compressor 
with moving blades }A, and stator blading 
Here again is wide scope for selection, since the 
type of compressor used may evidently be varied 
according to practical requirement. This com- 
pressor discharges into a chamber   with a wall 
 A extending around the intakes of all the units 
and suitably sealed around appropriate joints in 
the plane oï a bulkhead or partition ||B, pref- 
erably so as to exclude from the chamber   the 
whole or the greater part oï the combustion sers 
4 and other high-temperature regions oï the 
units. The compressor 5 in maintaining al] ele- 
vated pressure in the chamber J, supercharges 
all four power units. Its intake is ïrom atmos- 
phere, and is intended to be such as to exploit 
whatever Pitot head may be available as a result 
oï relative air velocity. Apart ïrom any trivial 
power requirements oï oil pumps, etc., the whole 
shaït power oï the turbine 7 is absorbed by the 
compressor 0. Oniy this arrangement is, in eï- 
ïect, a concept similar to the known exhaust- 
driven turbo-supercharger as applied to areo en- 
gines of orthodox type. 
It will be noted that there is no mechanical 
driving conne«tion between the units in the case 
of Figure 1. Thus the possibility exists (subject 
to certain difficulties which may arise in con- 
ne«tion with temperature differences and other 
mechanical and thermal matters) of being able 
to operate with one or more of the units shut 
down. 
The exhaust du«ring 6 ïrom each unit, may as 
shown suPPlY a corresponding arc oï the nozzle 
ring: or the ducts may be united in a continuous 
annular nozzle box well upstream ïrom the noz- 
zle blading, so that some degree oï pressure bal- 
ance will occur and consequently uniïormity oï 
distribution at entry to the turbine will be en- 
hanced. Ail the incoming air fiows through the 
turbine blading, 0A and 0B and then divides 
into separate streams through the separate com- 
pressors  ; the exhaust gas ïrom all the turbines 
5 passes through the turbine 7. 
The units may be constructed so as to run in 
opposite sense oï rotation in pairs, so as to sup- 
press undesired gyroscopic forces oï the whole 
plant. 
The wall A preïerably partly constitutes 
also, part of the skin of an air«raff nacelle in 
which the plant as a whole is contained. This 
nacelle bas a ïorwardly ïacing air intake at 

and its rear end has an opening which either 
forms the final propulsion nozzle or gives passage 
for it. Suitable ïairings, such as those shown at 
 3 and  4, ïair the front oï the compressor J  and 
5 rear oï the disc of the turbine 7, to produce as far 
as possible non-turbulent fiow and to define, 
according to design, any chosen cross-sectional 
areas oï the annular ducts which surround them. 
Turning now to Figure 3, a variant is  sche- 
10 matically shown, in which the plant con]prises 
four units as before (and consequently hot de- 
scribed again) but the final gas turbine is omit- 
ted, the shaïts 5 oï the units being mechanically 
mutually geared, as indicated at 5, fo a central 
15 shaït 7 suitably borne, which shaft drives the 
supercharger compressor | } provided as in Figure 
1. Thus the energy converter is now constituted 
by gearing J6 and compressor , and converts 
some of the mechanical energy of rotation of the 
20 turbines  into energy imparted to the incoming 
air. In this case it will be observed that all four 
units will rotate together, and being positively 
inter-geared it is hot intended that provision be 
ruade to accommodate stopping of individual 
25 units. The exhaust from each unit is led, by 
ducts |5, into a single rearwardly extending duct 
terminating in a propuion nozzle. 
Figure 4 illustrates an elaboration oï the 
scheme of Figure 3. Parts already described in 
30 relation to Figure 3 are shown with the saine ref- 
erences. In this case the shaït 7 hot only 
drives the compressor } but, further forward 
again, and through mechanical gearing indicated 
at 2}, drives a further compressor 2 with mov- 
35 ing blading 2 A and stator blading 2 B. This 
compressor 2J receives atmospheric air through 
the ïorwardly ïacing air entry 22, and compresses 
it within the outer skin 23 oï a nacelle, the in- 
terior oï which forms, as it were, a pressurised 
40 chamber. The nacelle contains the whole power 
plant as schemed in Figure 3, including the com- 
partment ïormed by the skin 24 which is ïed by 
the compressor }. Consequently the compressor 
} is fed with air which is already compressed 
45 to some extent, so the compressor 2 constitutes, 
in ef[ect, a first stage supercharger. The com- 
pressor 2, however, is designed to deliver a con- 
siderably greater mass flow than is required by 
the four units, and the balance or remainder of 
50 its delivery by-passes the compressor J and the 
units, and fiows rearwardly through an annular 
duct or space 2 between the skins 23, 24, until it 
Joins with the exhaust gases ïrom the units (in 
the region 25) o ïorm part of the propulsive 
55 stream. The design of the components and the 
cross-sectional area oï the du«ring are so ar- 
ranged as to allow the air ïrom 25 and the ex- 
haust gases from  5, to mingle with the minimum 
of turbulent loss. The compressor 2 is seen to 
60 be in the nature of a ducted ïan or airscrew. 
Figure 5 is a view similar to Figure 2, but show« 
ing the different arrangement of the exhaust 
ducting which arises in Figures 4. Whilst for 
clarity oï drawing, the impression bas been given 
65 that the symmetrical arrangement of units is 
(as indicated in Figures 2 and 5) with units at 
top and bottom and the two sides, it is more 
probable in practice, having regard to necessary 
aircraït structure, that the units will be dis- 
70 posed in the manner apparent if these figures 
are twisted 45 ° around the main axis; that is to 
say, as a square pattern with the sides oï the 
square vertical and horizontal. 'This may be 
especially the case if a complete power plant is 
75 to be installed in the wing oï an aircraft. 



I=claïm: 
 LAirCraft ::jet  propulsion, power .plant coin- 
- prising a:naCelle having aforwardlyfacing air 
entry anct rear.wardly fRcinggas exit in relation 
, to :çhe:ïntended direction: of.ght,:  compressor 
 i.n.the entry or pressurizing the nacelle; a plural- 
ityof self-cntained Rs turbine power uts 
..rRnged.in Circular symmeçry.about the axisof 
 e'-copressOr,:each ut comprising  tbin, 
R:eompresor :driven- thereby nd heting means. 
coected.to receive air fromthe compressor 
6f"the Unit nd to supply hot tas to the tur- 
.be of.the=uni.t, sRid: power:unis being wholly 
enelosed:by çhenRcelle. so as o receive their én- 
' tire  :supply therefrom, and meRns eceiving 
power::frVm-the :power units.in cmmon fordriv- 
-ig:the firSt sid compressor. 
2.-.raft. jet propulsion power plant com- 
:priing-aïna¢élle-having a. forwardly acing air 
-énry afid rearwardly .faCinggas exit in rela- 
.ti tothe ihtbnded direction of ght, a bulk- 
head :for ;ividing the nacelle.ino two chambers, 
'a:'first. eëmpressor .in .the .entry f0r prsizin 
theSt:.of gaidchambers/ a. plurality of self- 
cSntained:ás-turbine power uts arranged in 
biular Smmetry about the äxis of said com- 
preor, :each nitcompriSi a turbine, a com- 
pe'sso diven thereby and heating means in the 
çsëcdnd..of  aid  chambers connected o. receive 
.air :frm the  compressor of he unit and fo 
:Spty-ht'gas to the turbine 0f he unit, said 
pse. nitsbein whollyenclosed by the nacelle 
 so..aso:receive theirentire air supply from the 
presizedChamber, and means receivingpower 
'f0mçtid  units incommon fo ing the first 
said.oempréssor. 
.,3.-"Aikcrt 'et propulsion power plant :com- 
prfsing:a nacee having:a forwardly facing air 
ety and rCrwardly faCinggas exitin relatibn 
:to:e ïtended"direction of fiight, an oveall 
CompreSsor in the entry for pressuring ..the 
:acelle, a plurality of seffcontained-gas tur- 
bine p0wbruts .arranged :in circular symmetry 
abu he Xis of the st compressor, each unit 
comprising a turbine, a compressor driven there- 
by=and--heating means connected go receive air 
from the compressor of he ut and go supply 
hot gas go the .turbine of the unit, said power 
units being wholly enclosed by the nacelle so 
as go receive their entire air supply, therefrom, 
exhaust ducting from the power uts arranged 
go terminate in a virtually C0ntinuous annulus, 
turbinenozzle blang mounted go correspond 
çwih.the-aulus« an overall gas turbine cor- 
tëSpoding to--the, blading for actuation by the 
ehaus:pr0ducts of the power uts in common, 
nd ,shaft power-transmitting means for cou- 
:91îng'thebverall-turbine and overall comPress0r. 
«4. ,Aircraft jet propulsionpower plant com- 
prising a nacelle having.a foardly facing air 
entry and rearwardly facing gas exit in relation 
fo the intended rection 0f ght, a buHhead 
for diving the nacelle into two chambers, a 
'mpressor in the entry for pressurizing the st 
bf saidcambers, a pluraHty of self-contained 
gäs turbine powgr units  grranged in ircular 
smetry about the axisof the ompreSsor;each 
ut comprising a turbine, a compressor driven 
thereby and heating mea in the second of said 
chambers connected go receive air from the com- 
pressor of the ut and go supply hot gas fo the 
turbine of the ut, said power uts being wholly 
enclosed by the. nacelle and adapted go receive 
their entire air supply from the pressurized 
chamber, exhaust ducting from the power uts 

arranged ,to terminatein a. virtuïlly continu6us 
annulus, turbine nozzlebladingmountedto cor- 
respond with. the annulus, a gas  turbine corre- 
sponding to the- said nozzle blading. for actua- 
,5 . tion by.the, exhaust products of:the power unïts 
in:common, .and-shaft power transmitting means 
for coupling the last said  turbine to the first 
said compressor. 
5. :Aircraft jet Propulsion:power :plaft  compris- 
1o  ing a nacel]e.having; a: forwadly .facing air:- en- 
try and rearwardlF facing gas exi.in- relatior/, to 
-he intended'direcion of flight, a-main comptes- 
. sor in. the entrF for pressurizir/g, the nacelle« 
' plurality of - selfcontained gas turbine power 
15 units arranged with their axes paralleI-to,andin 
. circular symmetry about, .the ..xis,.of-he main 
Compressor,. each -unit comprising 
.c0mpressor driven thereby..and:.heating means 
:connectèd te receive air:from-the:compressor/of 
2o theurïit.and to supply;hot gas to the-turbineof 
the :unit; said: power .units being wholly enclo'sed 
by the nacelle  so. as to receive. £heir.- eitire' .air 
 supply  :therefrom, and means- receivir/g 
-.from the:units in:common for driving: the:said 
25"main- compressor. 
 6.. Aircraft jet propulsion.power Plant comp.is- 
ingnacelle hRving:a orwardlF s;cing air:entry 
and rearwardly :facing. gaæ: eit in relation"to:-the 
, intended directionof.fiiiht;.a)bulkhad for: divid- 
3o .ing, thenacelleinto two chambers;.a'main:cm- 
pressor in the-entryfor, pressurizinghefir'st:.0f 
- said; chambers/:a.Plurality of self-Containéd:-gas 
. turbine poWer:unïts arîanged with their.axes 
llel fo ánd. incircular symmetry about.the  akis 
.35 of themain:compressor, eah unit comprising:a 
 turbine,  Compressor diven thëreby ànd heating 
-meCs2n-theseconl of said chambersconnected 
-to receiveCr from.the compressor of the Unit 
and fo suppl:¢:hot gas to the turbine of the utiit, 
"40 said:power ;ünits beingwh01]y enclosed«by-said 
nacelle- and:adaptedto receiVe al1- the air: supplied 
to .the pressuized chamber, -exhaust :ducting 
from :the power, units arranged, tO terminate .in 
a. ViÆtully. Cortinuous annulus,  turbine nozzle 
45 blCingmOufltelto correspÒnd Wïth:theannúlus, 
 a Urther  gas:.tUrbine, cÒrresponding, to. the blad- 
ing fÒ:aetuhtiÒn bY-the exhattst produCts 0 the 
poWer.units in..CommÒn,:nd shafç power, trns- 
mittitlg:meang,or Couplingthesaid further, tur- 
5o '.bine gnd the main compressor. 
7.' irCràft :Jèt: propulsl0n :power/plant c0m- 
:prïsingça nacelle:having a:,fÒrwardly. acing air 
enty and rérwardly :facing 'gas exit in relation 
 tothe intendêd dire6tion of flight, a comptes- 
55 sot .in.the ehtry f0r'-pressuriZing the nacelle, a 
plurality of .sèlf-containèd.:gas turbine, power 
ufiits; eabunit cÒmprising à turbine,a comptes- 
sot diiven thereby-and heàting means conrlected 
,to. receive air from theoompressor Of :the .unit 
60 .and to Supply hot gas fo -theturbine Of the-únit, 
..said power  units being whsllY enclosed by the 
nacelle: :so- as to receive their entire air supply 
thereffom,. the units being-arranged in circular 
symmetry bout the axis.of the compressor, the 
65 first said compressor having a diameter at least 
'as large- as the diameter -f the circle of sym- 
metry of the-units, and means receiving power 
frÒm" the units in common for driving the first 
sid ompressor. 
7o 8. Aircraft jet propulsion power plant com- 
prising a nacelle having a forwardiy facing air 
entry and rearwardly facing gas exit in relation 
to the intended direction of flight, a bulkhead for 
dividing the nacelle into two chambers, a main 
75 compressor in the entry for pressurizing the first 
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of said chambers, a plurallty of self-contained 
gas turbine power units arranged in circular 
symmetry about the axis of the main compresser, 
which bas a diameter at least as large as the 
diameter of the circle of symmetry of the units, 
each unit comprising a turbine, a compresser 
driven thereby and heating means in the second 
of said chambers connected te receive air ïrom 
the compresser of the unit and te supply hot gas 
te the turbine of the unit, said power units being 
wholly enclosed by the nacelle and adapted te 
receive their entire air supply frein the pressur- 
ized chamber, and means receiving power frein 
the units in common for driving the said main 
compresser. 
9. Aircraft jet propulsion power plant com- 
prising a nacelle having a forwardly facing air 
entry and rearwardly facing gas exit in rela- 
tion te the intended direction of flight, a main 
compresser in the entry for pressurizing the 
nacelle, a plurallty of self-contained gas turbine 
power units arranged in circular symmetry about 
the axis of the main compresser, which bas a di- 
ameter at least as large as the diameter of the 
circle of symmetry of said units, each unit com- 
prising a turbine, a compresser driven thereby 
and heating means connected te receive air frein 
the compresser of the unit and te supply hot gas 
te the turbine of the unit, said power units 
ing wholly enclosed by the nacelle se as te re- 
ceive their entire air supply therefrom, exhaust 
ducting frein said power units arranged te ter- 
minate in a virtually continuous annulus, tur- 
bine nozzle blading mounted te correspond with 
the annulus, a further gas turbine correspond- 
ing te the blading, having a diameter ai least 
as large as the diameter of the circle of sym- 
metry of the units, for actuation by the exhaust 
products of the power units in common, and shaft 
power transmitting means coupling the said fur- 
ther turbine te the said main compresser. 
10. Aircraft jet propulsion power plant com- 
prising a nacelle having a forwardly facing air 
entry and rearwardly facing gas exit in relation 
to the intended direction of flight, a bulkhead 
for dividing the nacelle into two chambers, a 
main compresser in said entry for pressurizing 
the first of said chambers, a plurallty of self- 
contained gas turbine power units arranged in 
circular symmetry about the axis of the main 
compresser, which bas a diameter at least as 
large as the diarneter of the circle of symmetry 
of said units, each unit comprising a turbine, a 
compresser driven thereby and heating means in 
the second of said chambers, connected to 
ceive air frein the compresser of the unit and te 
supply hot gas te the turbine of the unit, said 
power units being wholly enclosed by the nacelle 
and adapted te receive their entire air supply 
frein the pressurized chamber, exhaust ducting 
frein said power units arranged te terminate in 
a virtually continuous annulus, turbine nozz!e 
blading mounted te correspond with the annulus, 
a further gas turbine corresponding te the blad- 
ing, having a diameter at least as large as the 
diameter of the circle of symmetry of the units, 
for actuation by the exhaust products of the 
power units in common, and shaft power trans- 
mitting means coupling the said further turbine 
te the said main compresser. 

11. Aircraft jet propulsion power plant com- 
prising a nacelle having a forwardly facing air 
entry and a rearwardly ïacing gas exit in rela- 
tion to the intended direction of flight, a bulk- 
5 head for dividing the nacelle into two chambers, 
a main compresser in the entry for pressurizing 
the first of said chambers, a plurallty oï self- 
contained gas turbine power units, each unit 
comprising a turbine, a compresser driven there- 
10 by and heating means in the second of said 
chambers, connected te receive air frein the 
compresser of the unit and te supply hot gas te 
the turbine of the unit, said power units being 
wholly enclosed by the nacelle and located se as 
15 te receive their entire air supply frein the pres- 
surized chamber, a streamline shell having a for- 
ward air entry and rearward air exit external 
te and defining annular duct means around the 
nacelle, a ducted fart in the shell air entry whose 
'20 output in part supercharges the said main com- 
presser and in part provides propulsion force 
through the anuular duct, and means receiving 
power frein the power units in common for driv- 
ing the said main compresser and ducted fart. 
25 12. Aircraït propulsion power plant in which, 
when it is in operation, the propulsive energy 
is derived frein the gases under pressure supplled 
by a plurality of self-contained gas-generators, 
this power plant consisting of a plurallty of gas 
30 generators as aforesaid disposed symmetrically 
about a central axis extending in the intended 
direction of flight, each of these gas generators 
consisting of a compresser, a gas turbine in driv- 
ing relationship with said compresser, a gas sup- 
35 ply counection extending from said compresser 
te said turbine and gas heating means in said 
supply connection, in combination with a rotary 
shaft extending along said central axis, an over- 
ail gas turbine mounted on said shaft, and a 
40 casing about said gas generators and said overall 
gas turbine, said casing extending in the intend- 
ed direction of flight and defining a gas path 
ruade up of separate branches through said gas 
generators and a common stream through said 
45 overall gas turbine. 
FRANK WHITTLE. 
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